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g��rhi j| p��rj�p j| l}h plimgn � �jkq��� �hplqr�h �johp ����p� �hih �ipl h���mkml�� pl�omho r�
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Å�m ÆhgÇ�qpppjg qgo Èqo}� ��oqg �Ä� p�nnhplho �pmgn l}h lhgpji �ijo�kl j� hiqlmjg |ji l}h
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R

�
C
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Ég jiohi lj pl�o� l}h kjgomlmjgp �gohi �}mk}
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M

l}ql mp |qi |ij�
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qg h�q���h j| kjohp �}jph lhgpji �ijo�kl mp gjl ijr�pl �Þ� � qgo }mp h�q���h �qp h�lhgoho mg �ß� �
àj�h�hi � mg l}h h�q���h j| Ýq�mqgl � jgh j| l}h kjohp mp j| p�rÇkjgplqgl iqlh � Ég l}mp gjlh � �h p}j�
l}ql l}h h�q���h j| Ýq�mqgl kqg rh k}qgnho pj l}ql r jl} kjohp }q�h kjgplqgl iqlh � áh q�pj nm�h q
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� íji qg�
l�j rmgqi� plimgnp

x, y
�
|x| = |y|

� � �h ohgjlh r�
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ij� p � pj hqk} j| l}h� kjglqmgp q |��� iqg~
k × k
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︷ ︸︸ ︷

1 1 . . . 1
0 0 . . . 0
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Pr
Gg

[∆ (Cg\{0}, S) < d] < |Cg| · 2
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� �mgkh
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�}mp m� ��mhp l}ql l}h ij� p j|

G2

�}jph mgomkhp qih mg
I
qih mgoh� hgohgl � pj

G
}qp iqg~ ql �hqpl
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� �hl
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��pl r h ql �hqpl
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� qgo �hl �p ohgjlh
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C2 û ãrphi�h l}ql
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x
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Gg

�
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� �
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S
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x
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x
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−I10

n = (G2 − I10
n − M) + (M − G2)

�j��o }q�h r hhg �hpp l}qg
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n−k
gjgÇ�hij ij� p mg

G2−M
� hqk} j| �}mk} mp q kjoh�jio j|

C2

� Åqk}
j| l}jph gjgÇ�hij ij� p j|

G2 −M
}qp �hmn}l j| ql �hqpl

d
� Él |j��j� p l}ql

∆(G2, M) ≥ (n−k)d
� pj

δ(G2) = min
M∈C2⊗C1

{δ (G2, M)} ≥
(n − k) d

10n2

fp ihÛ�miho �
��}mp m���mhp l}ql

C2 ⊗ C1

mp ql �jpl
α(n)

Çijr�pl |ji

α(n) =
10n

2(n − k)d
=

5n
4

5
n · 1

100
n
≤
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n

�}mk} mp p�rÇkjgplqgl �

� � é_è`^ë_e�è �`aa � �a` _úè ^a^�`a�cì_^èìì a �
C2 ⊗ C1

áh nm�h qg q�lhigqlm�h �ijj| l}ql
C2⊗C1

mp gjl ijr�pl � ��hh �hklmjg å j| �å�� � íji qg�
n×10n

�qlim�
M

� �hl
MR

ohgjlh l}h � qlim� jrlqmgho |ij� ohkjomgn h�hi� ij� j|
M

lj ghqihpl kjoh�jio j|
C2

�
qgo �hl

MC

r h oh�gho pm� m�qi�� |ji l}h kj���gp qgo
C1

� ����jph l}ql
C2 ⊗C1

mp
α
Çirj�pl � �}hg

|ji
α0 = 1

6
δC1

δC2
α

qgo |ji h�hi� � qlim�
M

l}ql pqlmp�hp
ρ(M) < α0

�h }q�h l}ql
MR

qgo
MC

qnihh
jg l}h kjjiomgqlhp mg q ihklqgn�h

U × V
� �}hih

U ⊆ [n]
�
V ⊆ [10n]

�
|U | >

(
1 − 1

100

)
· n = 0.99n

�
|V | >

(
1 − 1

100

)
· n = 9.9n

� áh kq�� p�k} ihklqgn�h �� ò�� �
Ñ Ò�	Ô � ��� �� yîy ïz �t svî� y îyuxv�� sy U × V

t� �� ïu�
(G2)R

v��
(G2)C

v� îyy�

 �ÎÎ � �hl

U
qgo

V
l}h phlp p�k} l}ql

U × V
mp q �qinh ihklqgn�h � ãrphi�h l}ql

(G2)R = G2

qgo
(G2)C = H10 = G2 − I10

n

� pj
(G2)R − (G2)C = I10

n

� áh p}j� l}ql
I10
n

}qp qg hgli� � ml} �q��h
1
mg

U × V
�

áh ~gj� l}ql h�hi� kj���g j|
I10
n

kjglqmgp h�qkl�� jgh hgli� � ml} �q��h
1
� pj l}h ljlq� g��rhi

j| hglimhp � ml} �q��h
1

kjglqmgho mg l}h kj���gp j|
V

mp
|V |

� áh q�pj ~gj� l}ql h�hi� ij� j|
I10
n

Þ



kjglqmgp h�qkl�� lhg hglimhp � ml} �q��h
1
� pj l}hih qih ql �hqpl

1

10
|V |

ij� p l}ql kjglqmg
1
âp ï� x� yïî

ï� xyîz yuxït� � ïx�
V

� üj� � gjlh l}ql
1

10
|V | > n − |U |

� qgo l}�p l}h ij� p kjglqmgmgn hglimhp � ml}
�q��h

1
ï� x� yïî ï� xyîz yuxït� � ïx�

V
kqg gjl q�� r h mg

[n] \U
� Él |j��j� p l}ql

I10
n

}qp
1

jg ql �hqpl
jgh j| l}h kjjiomgqlhp mg

U × V
� qp ihÛ�miho �

�

� pmgn ��qm�  �Ä � ml mp pliqmn}l|ji�qio lj p}j� l}ql
C2 ⊗ C1

mp gjl ijr�pl � àj�h�hi � l}h
Û�qglqlm�h rj�go �h nhl |ji l}h ijr�plghpp j|

C2 ⊗ C1

mp �mll�h �hq~hi |ij� l}h jgh �h nhl mg
�hklmjg ! � áh � imlh l}h ohlqm�p r h�j� � pj l}h rj�gop kqg r h kj��qiho �
Ñ Ò�	Ô � �" �

C2 ⊗ C1

ïz vx # tzx
α(n)$ît{%zx & tî α(n) = 30000

n

�

 �ÎÎ � ����jph l}ql

C2 ⊗ C1

mp
α
Çijr�pl |ji

α > 30000

n

� Él |j��j� p l}ql |ji
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1
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1

6
·

1
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·

1

100
·
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n
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1

2n�h }q�h l}ql |ji qg� �qlim�
M

l}ql pqlmp�hp
ρ(M) < α0

�h }q�h l}ql
MR

qgo
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qnihh jg q
�qinh ihklqgn�h � ähkq�� l}ql

ρ(G2) = 1

2n
< α0

� pj ml |j��j� p l}ql
(G2)R

qgo
(G2)C

qnihh jg q �qinh
ihklqgn�h � kjgliqomklmgn ��qm�  �Ä�

�

áh kj��hgl l}ql l}h rj�go ohim�ho mg ��qm�  �ß mp gjl j�lm� q� � f plijgnhi r j�go kqg r h
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qgo
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